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RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION AT 1OY SPEEDS OF
SWEPT WIHGS IN ROLI.ING FLOW

By David Feizenbaum and Alex Goodman

SUMMARY

An investigation was confucted to determine the charecteristiocs
of & seriss of untapered wings having englee of eweepback of =45°, Q°,
450, and 60° under conditions eimulating rolling flight. The
rolling-flow equipment of the lLengley stabilit; tunnel was used to
measure all six force and moment components. 4he characterictics of
the wings in streight flow were elsc determined dwring the course
of the investigetion to afford & couperison with previous results.
Teste wore also conducted to determine the cheracteristics of
allercne on the 45° ewcptback wing in both straight and rclling flow.

In general, the resulte of teste of the wings in etralght flow
were consietent with results obtained in previouc low-scrle
investipgationa.

The teets in rolling flow shcwed that, for the swept wings, the
lateral-force coefficient varied with wing-tip helix angle. Becauge
of this variation, the yawin;-moment coefficient at a given rate of
roll will be dependent upon the value of the lateral-force coefficient
at that rate of roll.

Althouzh the velus of the derivative of yawing-moment ccefficient
with respect to wing-tip lLelir angle was ne_ative for all positive
ift coefficlents up to the stall for the unawept wing, the value of
thie dorivative for each of the ewept wings changed from negative to
positive at some moderate 1ift coefficient.

In genersl, the damping in roll became more negative with
increasing vaiuee of the 1ift coefficlent for all the swept wings
tested. Tecte on the 45° gweptbook wing showed an sppreciable
‘reductiocn in the rate of change of wing-tip helix angle with aileron
angls becavee of the mcreased damping in roll at the hijshex life
coefficiente.
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INTRODUCTION

A Xnowlsdgs of the rotary stability derivatives is required
before calculaetions can be mede to determine the dynemic stability
of en airvlene or the motions of an airplane after & cuntrol
displacemont. Theoretical valuss of ths derivatives of the forces
and moments due to rolling, pitching, or yewing have been used in
the pest beceuse of the difficulty of obteining expsrimerital rosulte
vith conventicnal test eguipment. The calculeted values of these
derivatives havs served fairly well for the determination of ths
dynenmic bshavior of unawept or moderately swept wings. Good
theoretical values for the stebility derivatives of highly awept
wings, however, have not yst been cbtained, and celculations heve
failed to predict accurately the dynemic behavior of airplanes with
highly swept wings. Ssveral of the rotery derivatives have been
determined experimentally for both wnswept end ewept wings usirg
tho forced rotation and oecillation methods dsscribed in references 1
and 2. These mothods givs relisble resulta for certaln derivetivas
but cannot be conveniently used to determine ths derivatives of all
six forces and moments with respect to rotation ebout each of the
axas. All of the forcs and moment derivatives with respect to
rolling can be determined rather simply, however, by meane cf the
rolling flowv method descridbed in referencs 3. The recults cf
reforence 3 and unpublished date on swept wings indicate thet the
value of the rolling moment due to rolling obtained by the rolling
flow method are in good agreement with values obtained by the forced
rotation method. i

- The reaults of & preliminery investigation of e series of
wntepered swept wings in dboth straight and roliing flow are presented
in this paper.

SYMBOLS

The deta are presented in the form of stendard NACA cosfficients
of forces and momments which are rsferred in all casss to the
stability axes, with the origin at the querter chord point of the
meen geometric chord of the models tested. The positivs directions
of the forces, momonts, end enpulsr displacements are shown in
figure ). The coefficiente and symbols used horein are defined
as follows:

1ift coefficient _1.'_.)
™) .

. h Y ‘n-lf-ﬁ L aR Lo
. s.-i»» - :
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longitudinal -force coefficient (‘%s)
lateral-force coefficient (.%)
mum;-mment coefficient (;éb_')

pitching-moment coefficient (Eg_)
c

yawing-moment coefficient (.l)
CR1d

1ig¢, pownds

longitudinal force, pounds

lateral force, pounds

rolling moment about X-axis, foot-pounds
pitching moment about Y-axis, foot-pounds
Yyuwing moment about Z-axis, foot-pounds

dynamic pressure, pounds per square foot (%pvz)

maee dencity of alr, slugs per cubic foot

free-stream velocity, feet per seccnd
ving area, square feet

span of wing, weasvred perpendiculsr to axis of symmetry,
feet

chard of wing, measured parallel to axis of symmetry, Toot
2 /2 2

mean geometric chord, feet -S- c“ab

0

L

distance of quarter-chord point of any chordwiee section '
from the leading edge of the roct gection, feet
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distance from lealding edge of root choxd to the quarter

2 [p/2
chord of the mean geometric chord, feet (E r cx db)
o

b2
aspect ratio E—

engle of atteck measured in plane of symetry, degrees
engle of sweep positive for sweepbeck, degrees

angle of raw, degroes

wing-tip helix angle, radians

alleron deflection measured in plane perpendicular to
elleron hinge axis, degrees
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AFPARATUS AND TESTS

The tests of the prescnt investigation were conducted in
the 6-foot circular test eection of the Langley etability tunnel
wiich is equipped with a moior-driven rotor and vanes for rotating
the air stream sbout the tunnel exis (see reference 3). The models
were rigidly mounted at the quarter-chord of the mean geometric
chord on & single strut eupport (fig. 2) which was attached to &
conventional six-comproment balance. By means of this equipment,
rolling flight is eimulated by rolling the air gtyesm with vespect
to the rigidly mownted model.

The ucdels teeted consinted of four untapered wings of .
approximately the same area, all of which had equal chorda (10 in-)
and NACA 0012 eections in pla.nes normal to the leading edge (see
fig. 3). The vinge had swespback angles of -45°, 0°, 45°, ana GO°
and the corrosponding aspect ratios were 2.61, 5.16, ‘2. 61
and 1.3%, respectively. The 45° sveptback ving wRg equipped
with 20-percent wing chord and 50 -percent wing semispan plain
ajlerons. The aileron nose gaps were sealed with plasticine.

All tests woere run at a dynemic pressure of 39.7 pounds per
eguare foot, which corresponds to a Mach number of 0.17. The teet
Reynolde nunbers, based on the mean pecmetric chorde of the modela,
are

Sweepback Reynolds number
(deg)

45 1, k00,000
0 990,000
s 1,400,000
60 1,980,000

The charecteristics of theee wings were dctermined im doth
straight and rolling flow. In the straight flow tests, six-component
measurements were obtainsd for each wing through an angle-of-attack
range from apm-orimatel,y zero 1ift up to and beyond maximm lift
at anglee of yaw of 0° and +°. Tests were also made at sngles of
ntta.ck °€ approgimfaly 0%, 6°, and 12° through & yev-engls range of

fyrom *~30° to 30
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The rolling flow tests were made at positive and negative
rotor speeds corresponding to a constant value of wing-tip helix

angle ﬂ of 0.0446 through the same engle-of-attack range used

ror the atrhight flow teste. Tests were also mede at angles of "
attack of epproximately 0°, 6°, and 12° through a renge of poaitive
end nsgative rotor speeds.

Both streight-flov and rolling-flov o teristica of the u5°
sweptback wing with ailercns (0.20c, 0. 50 wore obtained for angles °

of attack of SpProximately 0%, 6°, and 12’-’ end for aileron deflections
of £10°, *15°, and 130°.

CORRECTIONS

Although theré has been no sycteuntic investigation of tunnel -
correotions for swept wings, calculetions for a few specific models -
have indicated that corrections for tunnel wall effect are determined
primarily by the spens and areas of models and are not crestly
affected by sweep. Corrections previously developed for unewopt
wings therefore were applied to the present wings regerdless of the
angle of sweep. The corrections were made to longitudinel-force
cosfficients, rolling-moment coefficients, and angles of attack dy

the folloving equations:
.2
ooy = _\J@"L

&1 -mzt B

e = 573 o.,(ﬁ)c,,

bowndery correction factor obtained from reference 4

turnel cross-secticn area, squere feet

uncorrected rolling-moment coefficient
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X a correction factor from reference 5 monuried for application
to thsae tests

The data have not been corrected for the effects of blocking
or for the support strut tares. Severai tare weaszurements were made
and they indicated that in genersl, the corrections would bo vorv
small.

RESULTS AND DISCUSSION
Presentation of Data

The data cbtained in the straight flow teste ere preaonm
in figures 4 to 8. The results of the tosts mode through the -
angle-of -attack range for +5% yaw cre not presented because they
were used only for determining the lateral ctability derivetives
vhich are presented in figures 9 and 10.

The data obtained in the rolling-flow teste are presented in
figures 11 to 1. The recults of the tests made through the
angle-of -attack renge et values of 2_. of 10.0446 are not rrosented

because they were used only to detemi.ne the rotary stnbili'q
derivativee which are presented in figvraa 15 and 15.

The characwriatics cbtained from the ailerons tasated on tha
459 sweptback wing in both stralght and rolling flow are presontad
in figure 17.

Characteristics in Straight Flow

The charscteristics of the present ceries of swept wings obtained

in streight flow are approximately the same 28 would be expected on .
the basia of previous low-scale tests. (See reference 6.) The aspect
ratios of ths swept wings used in tha rrecent investication differed
from those reported in reference 5. The wings of the present series
all had approximately the same avee aEd. the aspect ratio reduced with
sweep angle approximately as the cos“A. Beceuse of the varistion
between aspoct ratic and mep engle. the relations for CL

&
ond N
L

as given in reference & reducs to.
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A comparison of the calculated and experimental velues for
these dexivatives is shown in figure 10. The acreement 1s reasonsbly
good although the calculated veluss underestimete the effects of
sweep. \

It should be noted that the values for the 45° sweptforward
wing deviate from the calculeted values slipghtly more then do the
values for the h5° eveptback wing. Also noticeeble mbout the
45° sweptforward wing (see fiz. 4) 1is that its sercdynamic center
18 located farther back on the msan geometric chord (0.32 wean
geometric chord) then the aerodynsmic centers of the unswopt or
sweptback wings (0.19 to 0.22 mean gecmetric chord) end that its
meximuen 1ift cocfPicient (etcut 0.8) 1s lower then that of the
unawept or 45° sweptback wings (ebout 1.0) end much lower than that
of the 50° sweptback wing (sbout 1.2 at a« = 36°). The value
of C;w for the 45° sweptforward wing is practicelly zero up to a

11Pt coefficient of ebout 0.6 (see fig. 9), end the meximum poeitive
value of Cy v for the 45° sweptforward wing ie about two-thirds the

maximum positive value attained ty the 45° sweptbeck wing.
Al) the wings teated become increasingly stable longitudinally

as they approached and exceeded maoximum 1lift coefficient, which is in
agreement with the correlation presented in reference 7.

Charecteristics in Rolling Flow

The data presented in figures 11 to lh Indioate that for
angles of attack up to & least 12°, the values Cp, Cy, and C,

aro practically wnaffected by the veriations in E within the
v
range investigated, and that Cy, 01, end C, very linearly with ?-2
ev
Unpubliehed dete on tests of the 45° sweptback wing show that this
linear varietion of C; end C, with g:; holds even beyond the stall,

at least for a range of %3— of #0.1. Because of this linearity the
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method of obtaining the derivatives Cy , C; , and c“p from the

? P
differences in the coefficlents for Just two vrlues of wing-tip
helix anzle was considered appliceble through the complote angle-
of-attack rungs used for the present tests. The derivatives obtained

from testz at values of -:—:_ of 10.0445 ere presented in fizure 15.

Dynamic stability calculations in the pest heve neglected the
effects of variation of latecral force with rate of rell rince such
& variation was not fornd to exist for unawent wings below the stall.
For swept wings, however, such & wverdzticn doer exist as indicated
in figure 15. Figure 15 shovs that for a limited ran-e the values
of Cy, &re neerly proportional to the lift coefficlent,which wonld
be expdcted frou celeulations basod on the simplifisd theory discussed
in reference 5. At moderato 1ift coefficients, hovever, the values
of C!p for the svept wings markell, decressed in mepnitule, in scme

ceces even reversing sirm.
Foxr the uwnewept wing, the nesative value of Cnp veried linocarly

with 1ift coefficient up to the meximm }ift ccefficient. The values
of Cnp for the swept wings, hcvever, were prcporticnal to the 11ft

coefficient for only m limited range and, rt moderate lift coefiicients,
reversed sign and assumed lerge poeitive valves. For low lift

.
coefficlents the velues of the slope| .Y (see fig. 18) became
T

-

C.=C
L
more negative as the angle of sweepback was increased.

The valuee of cnp ehown in figure 15 are for momsnts taken

about the guarter-chord point of the mean geometric chord shown in
figure 3. Becaurse of the existence of the derivative CYP for

swept vings,the value of (Jnp
location of the point about which the momente ere calculated. Thet
these twc derivatives are interdepenilent is indicated in figure 15
by the fact that both underyo abrupt varietions in zlopo at the same
11ft coefficientec.

will very with the lonpitudinal

For the unswent wing, the velue of the damping in roll ¢ was

1l
nearly independent of 1lift coefficient up to the maximum lift
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coefficient, beyond vhich the sign of c,P changed from negative

to positive. The values of °1 for the swept wings generally
P

‘become more negative with an increasing value of 1lift coefficient

over the greater part of the iift-coefficient range. Ko positive

valuee of Cl wers cbtained for the swept winge fur ihe runge of
P

engle of attack tested, even teyond the maximm 1ift cocfficient.

Applicaticn of ths simplified theory to the present peries of
wings leads to the following expression:

Cy = {C A
I ( 1P)A=o cos

A coaparison of ths calcvlated valuen with those measured at low
117t coefficients is prescented in figurc 13 and indicates that the -
decrease in cl witk angle of sweep is slightly more rapid than

P

predicted by the calculations.

Ailercn Characteristics

The recults of the terts made to detormine the characteristics
of the aileronr on the %5° sweptback wing are presented in figure 17.
Teats were rade in both etrai;, ht emd rolling flow with both ailercns
deflescted through the same engle, but in oppocite directicns. Ths
rolling flow 3data are for the condition of zero roliing moment. The
data indicate that the variation of roliing noment with ailoron
deflection falls of allghtly with increasing angle of attack, which,
couplsd with the increace gf damping in roll with angle of attack,
causes the variation in %r— with ailercn deflection to fall cff

somevhat rapidly with ansle of attack.

For the range of angle cf attuck considered, the yawing moment
due to rcll (fig. 15) is of ths same sipgn as the yaving moment due
te aileron deflectinn, (fig-17(a))and therefore, the yawing moment
of the rolling wing will be grecater than that dus to the silerons
alone. The lateral force due to roll is of the oppesite sign and
of & greater magnitude thun the lateral force due to aileron deflecticm,
vwhich will result in a rsversesl of lateral force during the transition
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from streight to rolling flight, and positive velues of lateral
force for the wing in steady roll.

CORCLUSIONS

The results of low-scale tests made in straisht and rolling
flow on a series of untapored swept winps having equal chords in
planes normal to the leading edge and approximntely equal areas
indicate the following conclusiona:

1. In generel, the characterictics of the wings in straight
flow are congietent with results cbtained in previous investigations.

2. A veriation of lateral-force coefficient with wing-~tip
hélix angle wes found to exist for the swept wings. DBecause of
this veriation, the yawing-moment coefficient at a given rate of
roll will be dependent upon the value of the lateral ~force ccefficient
at that rate of roll.

3. Althourh the value of the derivative of yawlng-moment
coefficient with respect to wing-tip helix an;le was ne;ative for
all positive 1ift coefficients up tc the stall for tho wnaswept ving,
the valuwe of this derivative for the swept wings changed from negative
to positive at soms moderate lift coefficients.

4. The damping in roll fenerally becomes more negative with
increasing values of the 1lift coefficient for all of the swept wings
tested.

5. Testa on the 45° sweptback wing showed an eppreciable
reduction in the rate of change of helix angle with ailercn engle
wvith increasing angle of attack because of' the inoreased damping
in roll at higher 1ift coefficients.

Langley Memorial Aercnautical Laboretcry
National Advisory Committee for Aeronautics
langley Field, Va.
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Fig. 12

KM IS 0 4B/0BUB1200 B JO SIYTIIIONNYT HUOAPIIIE FfY 40 HBuP 140y D} ym wrf0idb)- 400

svwpes * 45 gtk rppy oy

w &0

SIHTECEIV 20§ JALLIMN00

ABOSIAGY TPNOI iYW

» s L 2 - 4 o 4

—T

e e R s e S S

T e i e

et o+

—

—+—t—t——t
T -+ |40
et A Frem —r—t+—t—t——+——1+——1
+——t—————+ S R T W R
p————t—————+ e
= + vt -+ E

+ o+ — + +

+ e 4

T T e
1 S T S 1

?
& pengyons powosr- by

R
D peayew2uy paey

y

G gy 02 pudmonks Sy

[[eg¥r3

bJ
< N
Y

) O O

<%

- ;
swnpps G5 phow oy
v L [ 2" ” &
FFa 23 3 ¥ T
+— - +
A (0 (A 8 L. o K | i
B (T 4 4
i e —F——F =+
— !
L] b S O +
e + -
) }
! O R s
e e = S
s 4
e «
4+
- - ~—
Td.‘hlﬁ e S e — 1
$! o7 2o v A (N N P I 157 N B 1
- +
4
s - - 1
o 4 +
+ +—t !
— —— el 4
p=== o ——————— <
3 S ]

»

1

Al

i

"W

-




Gl Ay f0 PR rpoy oY Yo 4wy - f Ay

Soopos “W "w apy oy
w5 L2 114 2

[~

O—t——— OOt
| 5 —_—
) S S T

=3 2
Y4

r
k
-
F

F
2
r
s
+

|-

NACA RM No. L7E09




it a0 RSy, Hi e oy it 7P, gy ~prang,
4

T , MUW. : -
5o Y i i

e S Ty
[ ABosingy iy
















5

agencles or reserved by the
will be found added to the

Uwevyelr, atLweniion 1s air-

pertaining to classified

“om rom e (13 e T | B E=—=" Tl= 4802

P . |oVISION: Aerodynamice (2 g 3 NUMBI

03%5:::'}1.; SECTION: Wings, ‘1&,‘{.)(6) RM-L7E09

CROSS REFERENCES: Flow, Air - Measurement (38950);
Wings - Asrodynasmics (99150); Wingse, REVISION
<) Swept-back - Bolling moment (99306.75)
MELT::E Froun..mry ipvestigation at low epeeds of swept winge in rolling flow-
{rorRG'N, TITLE, /) // 7
/

IORIGINATING AGENCY. National Advisory Committes far Asronautics, Washington, D. C.
[ TRANSLATION

Ci (] .LANGUAGE ORG'N.CLA U. S.CLASS. | DATE [PAGES| RLUS. FEATURES
L U8, Eng. May's7] 21 | 28 | photos, tables, diagrs, grap

{ ABSTRACT
Investigation is mads to determine charscteristics of untapered winge with various
angles of sweepback under conditions elmulating straight and rolling flow. Characterie-
tice of aileron on 45° swept-back wing ars given. Results of test in etraight flow
correspond with previously obtained results. Lateral-forcs coefficient variss with wing
tip helix angle in rolling flow. Damping in roll becomse more negative with increasing

1ift coefficisnt.
sn 7

NOTE: Requests for coples of this report must be addressed to: N.A.C.A.,

Washington, D, C. . Love
| 1ama, TERIEL COMMAND Axn Inoex WRIGHT FIELD, OHIO, USAAF
| Treamwme conme T it ot s o mm




Classification cancellea UNCL S ”:'D

or changed to.

/V/}ce ,?M ahbiad 71e. 3 dEL ¢ /%7

Byﬁ%jm@ﬁ_ﬂ (R;{%.é,,

Mhature and Grade

@334’</

/- ! . fEceS

< 5 ’
A, 45-‘Z bzs s 5S
£



dgencles or reserved by thi
will be found added to tﬂ

ng . to classified

mm‘m(wmcﬁ' ’ Tnosseevec IR Ule 4502
. DIVISION: Aoredynarico (2 - =
Gmﬁ?ﬂ 2 sEcnion: Tingo, Mrfdlu)(é) Lol

CROSS REFERENCES: V1o, AMr - Macurcoat (3
mn,ga - Aorodynacics (99150); Wlngu, T mEveoN

! 0a(s) Swopt-back - Bolling rocant (99306.75)
Wm%_m.mry iovostigation ot lov opocds 0f onopt wdogo in rolling flco

[roRGN, TME:

omGINATING AGENCY: llational Advicory Co—itteo for Acronautics, Uaochingten, D. C.

MNWFOMNMSSI U. SCLASS.| DATE |PAGES] WLUS. FEATURES
Bnz. 7 21 23 otos, tablos, dia

o ADSYRACY B
Invostigotion 1o cado to dot.emmo canracterictics of untoparod wings with veriouo.
anglos of owcopdsck urdor conditiono olrmlating straight ond rolling flou. Charsetorio-
tico of oiloron on 459 coopt-back wing are glvca. Rogults of tost in otraight fleo
corrospond with proviounly cbtaincd rooults. Latorol-fores coofficiont vorids with oing=
#1p boliz angls in rollirg floo. Doarping in roll bocoroc rore nogative with inercacing
1ift coofficiont.

[OTE: Roquooto for coploo of this roport cugt bo addroneod to: H.A.C.A.,
Taghington, D. C.

1.2, KO, ATt MATERIEL COMMAND /1 Uscncar (Inpex WRIGHT FIELD, OHIO, USAAF 59,
oD TR0 (4D @ TRLD

Mlowever, dtfention Is dir-

ls pertaint

oY




